In a previous study, we found that DNAJB8, a heat shock protein (HSP) 40 family member is expressed in kidney cancer stem-like cells (CSC)/cancer-initiating cells (CIC) and that it has a role in the maintenance of kidney CSC/CIC. Heat shock factor (HSF) 1 is a key transcription factor for responses to stress including heat shock, and it induces HSP family expression through activation by phosphorylation. In the present study, we therefore examined whether heat shock (HS) induces CSC/CIC.
CSC/CIC can be isolated from RCC samples as CD105-positive cells, SP cells and sphere-forming cells. [5] [6] [7] [8] [9] Previously, we successfully isolated RCC CSC/CIC as SP cells from human and mouse RCC cell lines, and we identified DNAJB8, a member of the HSP 40 family, as a protein expressed in RCC CSC/CIC. 8 HSP family proteins work as molecular chaperones and play essential roles in the protection of cells under stress conditions. 10 Transcription of HSP is induced by activation of a transcription factor HSF1 under stress conditions. 11 We previously showed that HSF1 is phosphorylated at serine 326 residue in ovarian CSC/CIC even under nonstress conditions. 12, 13 A previous study showed that HSF1 has a critical role in carcinogenesis, indicating that HSF1 is related to tumor initiation. 14 However, there has been no study on the relationship between a stress condition and CSC/CIC. In the present study, we therefore analyzed the relationship between cellular stress and CSC/CIC using RCC cells.
| MATERIALS AND METHODS

| Ethics statement
Mice were maintained and experimented on in accordance with the guidelines of and after approval by the Committee of Sapporo Medi- Oxidative stress was carried out as described previously. 15 Briefly, the cells were treated by H 2 O 2 at a concentration of 100 lmol/L for 1 hour and SP analysis was carried out 1 day later.
| Side population analysis
Side population analysis was carried out as described previously. 16 Briefly, the cells were labeled with Hoechst 33342 (Lonza, Walkersville, MD, USA) dye for 90 min at a concentration of 2.5 lg/mL with or without Verapamil (Sigma-Aldrich), which is an inhibitor of ABC transporters, at concentrations of 100 lmol/L. HSF1-encoding plasmid was transfected using Lipofectamine 2000, and then the cells were selected with 1 mg/mL puromycin to establish a stable transfectant as described previously. 13 
| Statistical analysis
Statistical analysis was done with Stat Mate III (ATMS Co., Ltd). Data were shown as means AE SD of at least 3 independent experiments.
Student's t test was used to assess statistically significant differences (P < .05).
3 | RESULTS
| Induction of DNAJB8 by heat shock stress
Several methods for isolation of CSC/CIC have been described. In our previous study, we showed that human renal cell carcinoma stem cells can be isolated as SP cells from human kidney cancer cell line ACHN. 
| DNAJB8 has a role in the induction of SP cells under the condition of HS treatment
We previously found that DNAJB8, a member of the HSP 40 family, was expressed preferentially in CSC/CIC and that DNAJB8 has a role in the maintenance of cancer stem cells. 8 We thus analyzed 
| Activated HSF1 induced SP cells
The transcription factor HSF1 is a key molecule for stress responses, and recent studies have shown that HSF1 is related to carcinogenesis. 19 The expression level of HSF1 mRNA was slightly increased by HS treatment ( Figure 4A ). Phosphorylation status at serine 326 residue was increased by HS treatment, whereas total HSF1 protein expression level was not changed by HS treatment ( Figure 4B Figure 4F ). The ratio of SP cells was increased by overexpression of HSF1 (from 0.2% to 1.1%). The ratios of SP cells were increased by HS treatment (Figure 4G ), indicating that HSF1 has a role in induction of DNAJB8 and SOX2 and increase in SP cells under the condition of HS treatment.
| mTOR activates HSF1 and induces SP cells
It is known that phosphorylation of HSF1 at serine 326 residue requires mTOR protein kinase. 20 We thus used an mTOR inhibitor, temsirolimus, to investigate the functions of mTOR in induction of 15, [24] [25] [26] [27] HSF1 is a key transcription factor for stress response, 11 and recent studies have
shown that HSF1 has a critical role in tumor initiation in several models. 14, 19 Interestingly, the transcriptional pattern was shown to be different in non-cancer cells under a stress condition and cancer cells. 28 Several markers have been used for isolation of kidney cancer stem cells. 29 In the present study, we showed that cell stress induces . HS activates heat shock factor (HSF1) through phosphorylation at serine 326 by the kinase mammalian target of rapamycin (mTOR). Phosphorylated HSF1 forms a homotrimer and is transferred into the nucleus, where it induces the expression of DNAJB8 and SOX2. DNAJB8 and SOX2 induce stemness inflammation, might also be an important factor for the induction of CSC/CIC.
In our previous study, we showed that HSF1 is phosphorylated at serine 303, 320 and 326 residues in ALDH high CSC/CIC isolated from gynecological cancers even in a non-stress condition. 13 A previous study showed that the kinase complex mTOR has a role in phosphorylation of HSF1 at serine 326 residue under the condition of HS. 20 However, we previously showed that HSF1 serine 326 residue is phosphorylated in CSC/CIC under a non-stress condition. 13 Similarly, several HSP have been reported to be related to CSC/CIC under a non-stress condition. 8, 13, [32] [33] [34] Our results showed that cellular stress induces CSC/CIC-related DNAJB8 by activation of HSF1. Therefore, both constitutively activated HSF1 and HSF1 activated by cellular stress can induce CSC/CIC. As the molecular functions of DNAJB8 are still elusive, our results indicated that DNAJB8 might induce expression of the stem cell-related transcription factor SOX2 ( Figure 6 ). Therefore, the HSF1/DNAJB8/SOX2 axis might be important for induction of CSC/CIC by cellular stress ( Figure 6 ). As HSF1 and its downstream HSPs comprise a common anti-stress machinery, it is difficult to target HSF1/HSP. However, DNAJB8 is a CSC/CIC-specific HSP and can be targeted. CTL-based cancer immunotherapy is a promising approach for targeting DNAJB8. 8, 35 DNAJB8-targeted cancer immunotherapy might be effective for inducing CSC/CIC by cellular stress. A recent review article pointed out that niche signals should be targeted in CSC/CIC induced by niche signals. 36 In this stress-induced CSC/CIC, HSF1 signal should be targeted. In this regard, DNAJB8 is a reasonable target for CSC/CIC-targeting therapy.
In summary, we found that cellular stress induces CSC/CIC from non-CSC/CIC. HSF1 is a key transcription factor for inducing the expression of DNAJB8 and SOX2. The kinase complex mTOR has a role in activation of HSF1 and induction of CSC/CIC (Figure 6 ). Our observations show a novel aspect of CSC/CIC, and a stress response signal might emerge as a novel signal for CSC/CICtargeting therapy. 
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